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Experimental
General comments
1-bromo-2-methylnaphthalene, [1] 1-iodo-2-methylnaphthalene, [2] 9-bromo-10-methylphenanthrene, [3] 9-iodoanthracene, [4] 4-(N,N-diphenylamino)benzeneboronic acid, [5] 1-(2-diphenylphosphinophenyl)-naphthalene (1a), [6] BINAP-dicyclophosphonium salt (7c) [7] were synthesized according to the published procedures. Tetrahydrofuran (THF), toluene and diethyl ether were distilled over sodium benzophenone/ketyl under a nitrogen atmosphere prior to use. Other reagents and solvents were used as received. Computational details. Molecular optimizations and TD-DFT calculations were carried out at the B3LYP/6-311+G(d) level of theory using the PCM model and water as solvent with the GAUSSIAN 09 suite of programs. [8] X-ray structure determination. The crystals of 1c, 2c and 4c was immersed in cryo oil, mounted in a Nylon loop, and measured at a temperature of 150 K (1c and 2c) or 120 K (4c). The diffraction data were collected with Bruker Kappa Apex II Duo diffractometer using Mo Kα radiation (λ = 0.71073 Å). The APEX [9] program package was used for cell refinements and data reductions. The structures were solved by direct methods using the SHELXS-2013 [10] program with the WinGX [11] graphical user interface. A semiempirical or numerical absorption correction (SADABS) [12] was applied to all data.
Structural refinements were carried out using SHELXL-2013. [10] The triflate counterions in 1c and 4c were disordered and modelled to have two orientations with occupancies of 0.49/0.51 and 0.72/0.28, respectively. All H atoms in 1c, 2c and 4c were positioned geometrically and constrained to ride on their parent atoms, with C-H = 0.95-0.99 Å, and Uiso = 1.2-1.5 Ueq (parent atom). The crystallographic details are summarized in Table S1 .
Electrochemistry: Voltammograms (cyclic, differential pulse and square wave voltammetries) were recorded using a Metrohm Autolab PGSTAT101 potentiostat/galvanostat from acetonitrile solutions using tetrabutylammonium hexafluorophosphate as electrolyte, glassy carbon as working electrode, Pt wire as counter electrode and Ag wire as pseudo-reference electrode. Scan rate was 100 mV s−1.
The curves were calibrated vs SCE (E1/2 Fc/Fc+ = 0.54 V vs SCE).
S3
Photophysical measurements. Steady-state absorption and emission spectra were measured using a PerkinElmer Lambda 900 UV/VIS/NIR, Hitachi (U-3310) and Jasco (V660) spectrophotometers and an Edinburg (FS920) and Jasco (V66FP6500) spectrofluorimeters. Both the wavelength-dependent excitation and emission response of the spectrofluorimeter have been calibrated. Relative photoluminescence quantum efficiency (Φ) in solution was determined by the comparative method [13] using quinine sulfate (Φ = 54%) in 0.1 M H2SO4, fluorescein (Φ = 91%) in 0.1 M NaOH, coumarin
standards. The error of the quantum yield measurement was in the range of 10% (three replica).
Lifetimes in solutions were determined by the Time-Correlated Single Photon Counting (TCSPC) method with an Edinburg FL 900 photon-counting system using hydrogen-filled lamp as the excitation source. Three replica of the emission decays were fitted by the sum of the exponential functions with a temporal resolution of 300 ps by the deconvolution of instrument function. to measure the TPA properties of the titled compounds 1c-7c and coumarin 480 as a standard. We used a mode-locked Ti-sapphire laser (Tsunami, Spectra Physics), which generated a single Gaussian pulse and then this pulse was coupled to a regenerative amplifier that generated a ~ 180 fs pulse with the energy of 1 mJ per pulse (800 nm, 1 kHz). The pulse energy, after proper attenuation, was reduced to 1.00-2.00 µJ. The laser beam was focused on a 2.00 mm cuvette and the beam radius at the focal position was ~ 5.0910 -3 cm. When the sample cell was moved along the beam direction (z-axis) using a translational stage, the intensity of transmitted laser was collected by a photodiode. The S4 decrease in transmittance aroused by TPA, T(z), can be fitted with eq. 1 incorporating the TPA coefficient ():
Photostability test. Photostability of the compounds
where n is an integer number from 0 to  and has been truncated at n = 1000, L is the sample length, I0 is the initial intensity, z is the sample position with respect to the focal plane, and z 0 represents the diffraction length of the incident beam (Rayleigh range). After obtaining the TPA coefficient (), TPA cross section (δ2) can be deduced with eq. 2:
where NA is the Avogadro constant, d is the sample concentration, and hv is the incident photon energy.
In-vitro cytotoxicity. To access the cytotoxicity of the studied compounds, the HeLa cell viability was analysed by using a colorimetric assay agent, 3- 
9-iodo-10-methylphenanthrene (b2).
Compound was prepared following the experimental procedure described by Carlstroem [2] for 1-iodo-2-methylnaphthalene. The synthesis was carried out under a nitrogen atmosphere. 9-bromo-10-methylphenanthrene (1.10 g, 4.06 mmol) was dissolved in diethyl ether (100 ml), then solution was cooled to -78 o C and a 2.5 M hexane solution of n-BuLi 12 mmol) was added in one portion. The reaction mixture was allowed to reach room temperature and was stirred for 1 hour, after that it was quenched with 10% solution of Na2S2O3 (100 ml). The organic phase was washed with water (3×100 ml) and brine (2×50 ml), dried over anhydrous Na2SO4, filtered and evaporated in vacuo. Obtained yellowish solid was recrystallized from hot hexane (15 ml) to give white crystalline material (1.05 g, 81% After that, the reaction mixture was poured in water (100 ml), washed with brine (3×20 ml) and extracted with dichloromethane (3×50 ml). Combined organic layers were dried over anhydrous Table S2 . Selected bond lengths (Å) and angles (°) for 1c, 2c and 4c. Figure S7 . Representation of the molecular orbitals' energies for the phosphaphenalene oxide [14] (analogue to 1c), and for compounds 1c-6c. [15] phenylphenanthrene, [16] phenylanthracene, [17] diphenylanthracene [18] and 9-phenyl-10-(4-triphenylamine)anthrancene [19] ).
4-[9-(2-bromophenyl)anthracen-10-yl]-N,N-diphenylaniline (a5). Prepared analogously to a4
4-[9-(2-diphenylphosphinophenyl)anthracen-10-yl]-N,N-diphenylaniline
4-[(9-(2-diphenylphosphinophenyl)anthracen-10-yl)ethynyl]-N,N-dimethylaniline (6
P-C(Ph) P-C(C6H4) P-C(PAH) π‧‧‧π(PAH) C-P-C
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Figure S13. The emission spectrum of 6c in the pristine solid (ex = 532 nm). 
